The purpose of this study is to obtain the dosimetric parameters of a new Co-60 source used in high dose rate brachytherapy and manufactured by BEBIG ͑Eckert & Ziegler BEBIG GmbH, Germany͒. The Monte Carlo method has been used to obtain the dose rate distribution in the updated TG-43U1 formalism of the American Association of Physicists in Medicine. In addition, to aid the quality control process on treatment planning systems ͑TPS͒, a two-dimensional rectangular dose rate table, coherent with the TG-43U1 dose calculation formalism, is given. These dosimetric data sets can be used as input data of the TPS calculations and to validate them.
I. INTRODUCTION
Although not as widespread as , Co-60 is also available on afterloading equipment dedicated to high dose rate ͑HDR͒ brachytherapy, mainly addressed to the treatment of gynecological lesions. [1] [2] [3] This study is aimed at obtaining the dose rate distribution in the TG-43 U1 formalism of the American Association of Physicists in Medicine ͑AAPM͒, 4,5 and the 2D dose rate table in Cartesian coordinates of the new BEBIG ͑Eckert & Ziegler BEBIG GmbH, Germany͒ 60 Co HDR source ͑model Co0.A86͒ using the Monte Carlo ͑MC͒ code GEANT4. 6 This new Co-60 source is a modified version of the old Co-60 source ͑model GK60M21͒ from BEBIG. 7 The dosimetric data sets given in this study can be used as input and to validate the TPS calculations.
II. MATERIAL AND METHODS
The geometric design and materials of the new BEBIG Co-60 source ͑model Co0.A86͒ were obtained from the manufacturer and are shown schematically in Fig. 1 . The new BEBIG 60 Co brachytherapy source is very similar to the old BEBIG source ͑model GK60M21͒, both in design and materials. The new source differs from the old one in that it has a smaller active core ͑0.5 mm in diameter for the new source vs 0.6 mm in diameter for the old one͒ and a more rounded capsule tip. 7 The new source is composed of a central cylindrical active core made of metallic 60 Co, 3.5 mm in length and with a diameter of 0.5 mm. The active core is covered by a cylindrical stainless-steel capsule 0.15 mm thick with an external diameter of 1 mm.
In order to obtain the dose rate distribution of the new 60 Co source the Monte Carlo code GEANT4 ͑Ref. 6͒ ͑version 7.1͒ has been used. This code has been widely used by our group in other dosimetric studies of brachytherapy sources. [7] [8] [9] The Monte Carlo code GEANT4 used in this study fulfills all the recommendations of the report, "Dosimetric prerequisites for routine clinical use of photon emitting brachytherapy sources with average energy higher than 50 keV," of the AAPM-ESTRO associations.
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The physics "low energy" models of GEANT4 have been used. These physics models use the EPDL97 cross-sections library 11 for photons and the EEDL library 11 for electrons. In order to speed up the simulations only the gamma part of the 60 Co spectrum was used. It has been verified that the contribution of the ␤ spectrum and electron spectra to the dose is negligible due to the presence of the stainless-steel cover around the metallic 60 Co where the electrons are stopped. 7 The gamma spectrum used in the simulations was obtained from the NuDat database. 12 A cutoff energy of 10 keV was used for both photons and electrons. The methodology used for this Monte Carlo study follows the recommendations of the TG-43 U1 report. 5 In order to obtain the dose rate distribution in water, the source has been located in the center of a spherical water phantom of 50 cm in radius that acts as an unbounded phantom for a 60 Co source up to a distance of 20 cm from the source.
3, 7 The density used for the liquid water has been 0.998 g cm −3 at 22°C as recommended in the TG-43 U1. 5 To obtain the along and away dose rate table, a grid system composed of 400ϫ 800 cylindrical rings 0.05 cm thick and 0.05 cm high, concentric to the longitudinal source axis, was used, and to obtain the dose rate distribution in the form given by the TG43 report a system of 400ϫ 180 concentric spherical sections 0.05 cm thick with an angular width of 1°i n the polar angle was used. The coordinate axes used are shown in Fig. 1 .
As electronic equilibrium conditions are not fulfilled in the near region of the source, both kerma and dose have been scored using the grid systems defined above. At points where electronic disequilibrium exists 7 ͑those located at distances of less than 1 cm from the source͒ the values obtained as scoring dose are used to give the dose rate distribution, and at the points where electronic equilibrium exists the scored kerma values have been used to approximate dose because in this case kerma and dose match each other and the kerma is obtained with lower uncertainty. In an effort to speed up calculations and to reduce statistical uncertainties, kerma has been obtained using the linear track-length kerma estimator. 13 To estimate the air-kerma strength the BEBIG 60 Co source was located in the center of a 4 ϫ 4 ϫ 4 m 3 air cube and kerma was scored using cylindrical ring cells, 1 cm thick and 1 cm high, located along the transverse source axis. The procedure used to extract the air-kerma strength is the same as that used in previous studies by our group. 7 The number of photon histories simulated was 10 9 to obtain kerma and 6 ϫ 10 9 to obtain dose; 10 8 photon histories have been simulated to obtain the air-kerma strength.
III. RESULTS AND DISCUSSION
The raw data obtained from the Monte Carlo simulations were analyzed with the ROOT data analysis framework 14 in order to obtain the along-away 2D Cartesian lookup data Ḋ ͑y , z͒ and the TG-43 dosimetric parameters. The along-away 2D Cartesian lookup data Ḋ ͑y , z͒ are shown in Table I . To obtain the TG-43U1 dosimetric parameters from Ḋ ͑r , ͒ we have used the geometric factor G L ͑r , ͒ with a length of L = 3.5 mm. The dose rate constant obtained has been ⌳ = 1.087± 0.011 cGy h −1 U −1 , where the air-kerma strength is expressed in units 1 U = 1 Gyh −1 m 2 . The anisotropy function, F͑r , ͒, is presented in Table II and the radial dose function, g L ͑r͒, in Table III. The uncertainties in the final dose rate distributions for 60 Co sources can be reduced to only the statistical uncertainties; 7 thus, in this study the final uncertainty ͑stan-dard deviation of the mean with k =1͒ is less than 0.7% for all the points, except at the points located near the longitudinal axis, where it is about 1.1%.
The dose rate distribution obtained for the new BEBIG source has been compared with that obtained for the old BEBIG HDR source 7 in Fig. 2 . This comparison shows that both dose rate distributions are nearly identical in front of the source, the differences between both sources less being than 0.5%. In the zone near the longitudinal source axis, they are less than 4% for z Ͼ 0 and less than 10% for z Ͻ 0. In the latter case the differences are due to the fact that, in the study of the old BEBIG HDR source, the source cable length was 20 mm, and in this study it was 5 mm, which reproduces the clinical setup better on highly curved catheters.
IV. CONCLUSIONS
In this study, a complete dosimetric data set for the new BEBIG 60 Co source ͑model Co0.A86͒ was obtained for an unbounded liquid water phantom using the Monte Carlo GEANT4 code. Functions and parameters following TG-43U1 formalism are presented: the dose rate constant, the radial dose function, and the anisotropy function. In addition, in order to aid quality control on TPS, a 2D rectangular dose Co source ͑model Co0.A86͒. The radial dose function has been fitted to a third-order polynomial with coefficients a 0 = 1.0159, a 1 = −1.577ϫ 10 −2 , a 2 = −1.020ϫ 10 −4 , a 3 = −2.404ϫ 10 −7 between 0.25 and 20 cm. Note that the fit is the same that used in for the old BEBIG Co-60 source ͑Ref. 7͒. 
